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TiLc LiB'x^no:: of :v:r: i:i i;.i;JM::"Tio:: 

1 

Int rod not Ion 
The oxidation of an or-^ftnlGn — ^'BUf^lly \r 
the aboorption of oxj'. on from vlthont— hloh 
o^uaoo r ohomical reaotlon in tho or aniei^, tho 
rinnl reoult of rhioh Ib tien^lly hoat, oarbonOl* 
oxide and rator io familiar to all of ;e imOcr 
tho ton "ro8:>lratlon''« It tnkoo j^laco t\t f\ll 
ttneo in all llrln'^- oolls and is oo olocolr nlTloc^ 
vrltli vitfil ootlvltloo tint tVi'^jr .iro ror-tl.- Injiiroc* 
when it ic In any 'ay Ir-: aire • Tho re: .miration 
l8 ??. oonctr.nt rooec; it ie more rv. id at cone 
tlmoo thrjn at ot':^rc« It oan be noticed in rest** 
l),ij ceode only by tho noet careful obccrvatlon, 
but AC roon ac emlnntion Btr»rtB^ 2*oc'^lrj^tlon 
beconoo ^iore r.ot.^ro, T/^.ic^: rotlvit,: roc'-'^tQ Id a 
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{greater liberation of the liy-prod-cto. Sftr rnenov.r- 
Inc the flnnl prodi^ote one 1b ablo to detoralno 
how front the aotlvlty of ree^^lratlon is xinAer 
. Iron ooncUtlonB* 

In a rest in eood life Is r.lrioet at a 
Btr.nfl etlTl* Grovrth hne cearod for tho tlr.o 
boln t Ml* there 1b no rcrk to be nooonpllohod by 
the orabryo. If -he tonper.itiire 1b ror:: lo- nnd 
the seed very dry, even reeplratlon hne el-^oet 
oeaeed* v;ith an Inorer^ee In te'iporature and 
noletiare, however, reeplmtlon broornoB more evl* 
dont* ThlB nuot of oo rso bo t' c o-^do "or the 
onbryo ; lant oven t"-0 It 1b In r. ciorv/?.nt Bt^tc 
neodo to bo * eot no rle/zod. Cr at cjiiantltlcc of 
fooc' nr.torir.l r.ro otorccl olt':or In t\o eot;;lf>(lono 
or In the onc^opom, 1-r oly In t'lo ^om or 
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Palladlne* jrlvoo no the follovln aqua* 
elon to oxprese tv.e reaction v;hioh takoe plaoo 
by the abeorption of oxy; on: 

Cg n^Q Og-f* 6 OgS C C 0£4* 6 K2 ^. 

This \.onld malce It seem that the aotlon 
iB a direct one, vhiio in reality the carbon 
dioscido end water aro the final reenlto nftor a 
-^rect r>any chan ee# -o aloo telle uo that binder 
normrl oonditione tho anotuit of 0x7 on abcorl.oO lo 
oqtml to tho nmonnt of carbon^dioxido liberated « 
but that ortemal oonditione b"c:i ac }.ent, cold, 
round In , 11 '-t and dar> mo nr.t to chan o tho 
finouiitc in relation to or.oh ot .or» Thoeo 
oonditlonLy hovovor» ("^o i;ot ciian o tuo react lone 
v'hlch alnaye have the ormo rec-.^lte^ v. hen 

*iallacllno, V* Ih^elolo^^ie de5vlantont 
?v.TiB. r'nsBon ot CJUe, 1902 • Cliaot, Vll. 
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termination bo Ino all of tlio onor y vhloh had 
boon otored and inaotlvo 1b ct in notion* 
The erabjryo begins to ; ror nnd abeorb food Tory 
rapidly nnd the reeplratlon is ll^erice nnloTc- 
onod* There 1b a oontlnuone broairln^ down and 
rebulldlncr of the ooiapoundB in oaoh oell# 
Chemioal deoompoBltlone arc the noans by v:hloh 
the life prooeecea are Increaeod and j^erminatlon 
le made noe Bible • 

Reynold e Oroon* tolls us that the probable 
oanee of oTonto In oepiratlon le that the oxy en 
In Bone vay irnltoB vlth the proto-'laom ren'^erln- 
It ^mctable and Initiating'- a Boriea of docompoBl* 
tlonB v;hlch roeiilt In the ouooBBlre formation of 
:/ia.ny bod lea of leee oomplex oonatittition^ each 

*Groent Keynoldc. Vo otrtlo liyalolo ■;,', 
London, J* nnd A# Churchill 19C0, laroc 1R7-128. 
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Buoeeelre doeompoeltlon produoin^* more elmple onee 
until flxially oarbon dioxide and water are formed 
and liberated # The reoonst motion of the proto« 
plasm F oea on at tlio ea^io tl:?e^ talcea up the 
reelduo of the former otruct'ireo and torethor 
rlth ncv7 food forn^a now protoplac^.^ 

If the temperature la low, tho brep>ln • 
dovm proooode but elovly, nnd the reoonct motion 
Is rapid, eo tat imdor thcoe oonciltlone tho 
amount of oryjen abeorbod le ; rector then the 
quantity of oarbon-dloarlde formed by Its aooon- 
poaltlon* Doco position la oarrlod on .iore 
oaclly at a hi her ton oratvro and Ita produoto 
a:e more nunoroue and 8L*n2;lor# It is poealblo 
that the proto. lacm may combine looocly rlth the 
oxy on and transfer It to other substances precont 
rhich are oxldlzeiU In this ray tho protonlacm 
may act as an 03cl(Mrlnr a. ent v;lt::out bolr. 
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broken dov.n Iteelf* Carbon dioxide lo thus the 
final term in a aerloB of deoompoeitionot of v^hioh 
the lirinf- enbatr^noe la the seat and into tv* loh it 
ma; actually entert the deoompoeitions thenoelroe 
beint f>ronoted by the aeoeae of oxyr^on* /ooord* 
inr to Palladlne* the albuminoide are acted tipon 
directly by the oxygon v.hioh the plant abaorbo* 
The nitro(;enou8 aubatancce rhioh reenlt from the 
oxicUeation of the albunlnoidOt combine with non- 
nitro tenons aubetonoeo and form new albuminoids* 
rhno, becavfce of the resorvo Toatorlal proeont 
which ie froo f ro i nitroron the quantity of 
p.lbuninoidc remaina conotant and the non**nitro- 
^:onou8 cubBtanccB deoreaeo ; radnally. 

One of the proffa vhloh ho ; ivoe t>at the 

*j:cv.llf?ainet ?• Phyaiolo, io dee Plantoc, 
Par 18, :^-t:^rcn|ot Cle- V/02. T^ar^D irO-lC6. 
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oxidation from respiration aote dlreotly nv^on the 
albtunlnolde l8 thot roenir&tlon le moot retire 
In tho younc and -ronln; parte rhloh ore rloh In 
protoplaen^ henoc In nlLxininotdc and poor In all 
other orranlo etibetanoec • Ihirln tho ermlna« 
tlon of eeede In tho cJarV, the total o/v^ it It:/ of 
albtimlnolue dlmlnleh ne the yield of oarbon 
dl03clde Inoreaeoe clowly* The reenlt of thle lo 
that plants hloh are poor In albuminoids respire 
moro aotlrol^ v\on at en advanced eta e In rowth 
than rhon yoiin or« IIo hae alco foroid t\at d ;rln: 
tho porlocl of moan /omlnr.tlon vhon there lo still 
a Kuffiolont !i-*mtit:; of oarboh: drater^ tho 
amount of e»'ibon«dl oxide freed Increases In pro« 
portion to the quantity of Indl estlble alV^mlnolds 
rhlch are present* 

T5i rim; the f ormlnatlon of seeds In tho 
dark a quantity of hydro on Is lost rhlch unites 
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rlth the oxoees oscy on and l8 liberated in the 
form of rcter* Liaclroro'cy, rho hae worked on 
the qneetion to some extent, hae ooroc to the 
f ollovvin : oonolnsi one : 

1- Very little vvater le formed (Snrinr the 
part of gemination of eeods* 

2- ?he qucntltj of rater rhloh forme at 

low temperature le rolatiroly ^^rontor than 

that vrhloh forme at hi, hor, 
5- There le not a definlto relation botveen 

tho hydrojen and carbon dloxiclo froed. 

Thuo tho final reonlte of the abeorption 
of 03^; en aro aocoiinted for and we eoe that a 
continual supply of onor: y le nocceoary for the 

*rsllodine, V, iTij'oiolorlo doo I'lantcc, 
rr.rie, r-aeson ot Cl£, 1902 ?aj:o 160, 
Liec^toTC'Ty, "omination ftoe .ralnoe iio Co-!"r:;o an 
: Dint Ce mo chi'.lqio. "obco-:, 1074, pr> o ri. 
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malntalnrnoe of vital aotivitlee* Boenlratlon 
inoreasoB tho notlvltlee of the cell as It In* 
orea&es and ae a ree^ilt there are not only the 
ohemloal ohan^ee^ but aloo a liberation of heat 
whloh appears to be the imaroldable aooompanlmont 
of the ohan--o8« Plants do not maintain a 
normal bod; temperature and for that reacon any 
hea"^ abore t-e tonrornti^re of tho Burrotindln e le 
freed • 

Only a rery email portion of the nnor,,-y 
llborated by respiration le oonTertod Into ohemloal 
or moohanieal work* The food nuet Lo oarrlod to 
cllfforont parte of tho plante, the embryo nnet 
f oroe Itoolf out of the cecd ooat and ueunlly Into 
tho roimd, but celde from thooo two there le no 
Y;or>c XTiilch a plant raaict Co^ Thorofore all the 
e^oeee onor:y le eot free In tho form of heat* 

Tho amount of '^nor. y converted Into 
rork dlffero In <? f'oront plants Jnet ^o It (^oos 



Digitized by 



Google 



Digitized by 



Google 



(10) 



In plants and animal b» Anlmale must hare enerf^y 
for cxerolae, motion, olroulatlon of the blood anA 
80 on to en iLnnmerable list of aotlTltieB, but 
even so there is at ill a great heat yield v/hich ie 
mere waste, ae far as v/e oan eee at present* 

The loss of heat by warm blooded animals 
is very great and is continuous as long as respira- 
tion takes place. The products of animal respira-* 
tion vary rith the food but the end products in 
both plants and animals are the same* The former 
are provided in ell omes vrith means of dischar^- 
iut^ the excess heat* There are lunrs, .-ills, 
radiation from the body, circ^^lation of the blood 
and exhalation of the co called "breath*" 
Plants havinf no differentiated organs are able 
to lose heat only thronfh radiation. As said 
aboTe tlie liberation of the heat is not the same 
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at all tlmoB bnt fllffere rlth the notlvlty of the 
protoplnem* In yovmr plants end rormlnatln- 
booAd in whloh orcrj coll reachee Its ; reateat 
aotlTlty^ In ^.rov/th and food nakln^ respiration 
is more active than in ol'"'or parts where most of 
the cells aro InactiTo and only a fow of the nor 
ones aro oarrylnr, on the life 7)rooecro8« 

11. 
Apparatus and ::othodo. 

The objoct of this piece of v/orl: vac to 
oonstruot a plooe of rpparatuo vMch v/o\ild bo 
suffioiently soncitlvo to mors^ire the heat ?/iolde 
of roBplrinc or anion and to tal:o sone nieaB:ironontc, 
Downr* flai'^rs )^jiyo been liccd Tor abor.t the paet 

^rolroot r-oor, o 3. / .'lew ^lerplmtion Calorinotor. 
lotanloal "asette 4C: pot-gpo, reptonber 190R. 
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©1 ht yeara anfl -"ore auooeoafal for meaei^rln^ the 
totr-1 boat 7I0W and Inoreaoo from day to day, 
but rlth them t* ore '. ce no r.vy of ottlnr at the 
liberation oc It ooovre<i« ?hey made It poselble 
to --'.oaetire aooumulated heat but 0011 Id not meastire 
the ▼nrlationc# 

The orlorlnoter first eonrtrted of a 
Dovar cylinder tvolro Ino'^ee In hel ht and throe 
and a half inches In c'larnotor, a laee r/orrn nnf a 
metal c^^p* The c7llni'or v'^.a nac»o vlth a dr^ln In 
the baco Into v?hioh the lov:or en^. of tho Ir.SB 
rorn flt« Hio rem mc :>lacnd Inoldo t\o 
cylinder and t ^'Ctal cir:) Inol-'o the •. orrn# a 
©tre' "1 of ^ ".tor ctrculatod throiT h t'le \.om 'ihlch 
v;* 8 in olooo oontnot \it^ tho cv.t> on tho Inrltle 
and free on all otJ^cro. ?he cyllnf^cr nr^ vented 
abcorotlon of nny heat frop. r It-^out, 30 th.t 
nny c>-fin^o in tho torni-^ov^t^'re oT the rn^er could 
be trrccd direct^:: to V^o o"^« The object of 
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whioh the heat liberation rtie deelred vac plaeod 
la the ottp ae carefully ao poeeible to preront 
friction or undno ramin ^ by oont-^ot Tilth the 
hand 8 9 the neck of the eylindor cotton pin.,: 
and a etrenm run thronr;^ the orra^ 'ny heat 
liberate; in tho cv could '.e oonciuoted only to 
the '."atcr in the coil of \hich the temporf.ture 
wno taken before • nr after circ'vlation. I'iie 
viator v;aB colleote<3 at the baee of the coil by 
a dev.ar flack • Know in the rate of flor. am* 
the chance In the tempera ture of the r^tor, it 
irac r^:rj einrnle to c lenlatc the r-nount of heat 
liberated • ' trnk above the apparatus in 
whioh the \TCLter wae kci t r.t room temperature 
and at a oonetn t lercl ftu*niB*.ed the oupply and 
Ins^^red a unifom rate of flor. 

'2hB rerulte fro the ^xbo of thle appnrnt;:c 
havo been chov;n by Burnett ffinford^vho v.ae a etn^ 
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dont in the department, to be about the eaine ae the 
ones obtained In r«8ln the dev/ar flaoke* The 
meaeurement v;ae In both oaaoe of aootunulatod heat* 
Ac BhOT.ii by the oorner there Beamed to be an 
Inoreaalng omonnt nntll about the third day rhen 
tho maxinu-i ?/a8 reaohod and from then on a dooline* 

The next step therefor v.aa to hare a 
oonatant stream by meiins of ^hioh one v^ould be 
able to keep track of the ohan -e In tenperature 
from ninute to minute or from hour to hour ar 
desired* Tho first oonstant etroam .ae at the 
rate of tv;o*huncirod oubio centimeters of vntor 
per ninute, but as found to be far too rr.nia* 
After several atte^r^ts It v/ae rorulator* at 60 
co# per nin« A dev^ar flee . ••ith r drain in 
tho bottom aao substituted for the closed one, 
a rubber tnbe rlth a plnolo-ooc'- vac ;rnetencd 
to t* o drain and conducted tho vat or to a near 
by DlHi^* "hen t' o tomporat^Tro rixn to be read. 
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the rubber wao oloeed near the baoe of the flae): 
by mean© of the T>lnch oock, a desired q 'oritlty of 
water oolleotod and the temperatiiro taken • -Tlth 
a eonetant Btronm^ horover, the heat vaa eond^^etod 
away so rapidly that the ree^ate * ore not oatlc- 
faotory# A fo^r foot oonner coll of ' Inch 
diameter T/ae eubetltutod for the flaae -..om and 
the reculte were bettor • It v/ae hardly lonc^ 
enon;-h to gilTe tho doelrod contact v-lth the onp 
80 a nine foot lon::th of cooper tubing was 
colled and eoidered Into a en little lar: er 
than the flro'' one wlilch had boon In&lde tho 
<:*lac8 v7orm- Thue botli ; laec vorm and 'notal 
onp v/ere tn>on out# The Inner surface of the 
now Qup of colled tubSn..; v.nB covnrc("! vith nlokle 
to prevent co v.-ior poleonln; of the eeede put In 
to be teeted^ This r,ae a event more efficient 
than r?ny had been before been ise the eeede •ere In 
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direct contact vlt'. ^'-.o con# "out wps abporboci 
at once bv t)iO copper nnd tr'-en ^.p at once by the 
^ftter In the coll* 

f^t * r* rnarlinr^p-ie'e pn -ectton p coll of '^ '8 
Incfi tnbln;7 vae mnfie Bmall enon h to fit In a do nr 
flask of nbcrt r-no c'.c# o^.^-'iclt". It wap ver;; 
efficient for e^>c^ a Bmnll q^^antlt;; '^f eoecia— ae 
five ^;onp« This email coil can be set iu> ?nd 
T'Sod JTJot OB thr- calcrir'^oter now in use and the 
roeulte are mri oaticfro* or:/. 

Tlie variation in tomperat^^ro ; ae oo little 
ao indlcatod by n constant strr* n tinc^ .so of t? or- 
Dor^.oters thr.t a t orr-!nl couple attached to a 
£;nlv4no:.oter vaE oubetituted for the D.eropie to re. 
?he thormometore . ere rnded to tenths of a do roc 
centi ni' •> and v ith care could be road to twentieths. 
The chan f>B <' Id not aount to ar mch re r t'^Titleth 
of r decree at ell tinas rnc^ conseq- ently a . rort 
:.ian:; flrct'^i^tlons gjc entirely lort» 
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The read in. 8 ar indicated by the alvtaonetor 
rere made by the vbo of a roale placed in front of 
the minor which vae diflectec^ accord Iri." to nr»7 
ohan.^e in ot»rront» The ccalo le railed intc 
tventy-fire unit B-^cioea each of vhlch Ic n.^'^ln 
diTided Into ter.* "^ne half ie narl^od in rod 
fijiiree, the otl^or half In bTecV, . 1th tho zoro 
point In the center* One tenti-; of a criorle 
of hea^ diflectB "ho minor six tonthe of u unit 
B:)aco# A tenth of c-. unit e..»acc . hich lo one or 
the BJialleet nroVIn :: on tho tiO()lo« there Tore^ 
imlJcr-tos a ohan^TC in toK-poTiAzc of one tlytloth 
of de roo conti r?».dc* It ccm hr re-^d to Juct 
!i!:lf of t:.at vhlch 1p one^ onc-hxinciretl and t*. cntloth 
of a de ree conti *r'-de# Thxiv it is no- pocBlblo 
v.lth tho therrnf'3 couple to record very mln'Ue 
chrn '08 and r^lth the const-^nt rtrern to ceo tho^i 
reoorilei; - •^ the;* happen* The hoc.t ic conciictnc 
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away ae llboratod :o any ohnr^rB in toiaperntv.ro 
iB due tn a ro^.otica ^::ioh hne t'^Ven piooo Juet 
prior to the (Urieotlon of tho nlrror. 

Th::c v. 1th ono cmoll change ifter another^ 
the calorimeter his erolrod Into the ^ppnratne 
BB It l8 nov Bet up and rhc n in the aocora; anln. 
dlar-rar.* 

^Thc thor-oal cylinder le the enne ono that 
vr-B need in the or I. Inal apparatue with the 
drain clceed and the vaier made to flo.r out 
thron h ^he to • B;^ the entrr co of t:\o • ater 
at t::e bottorn of tho coll firot, tho ooll vlll 
bo !<:ept frill at all tlncr. /. Docond m'^ch 
KTir.llor coll iB placed In the cup :;ndo by the 
flret 8^ tl^at t}ic reede e::rround the Inner and 
pre rurronndod ly the cuter and all are In con* 
tact • 1th one or the other. A contlnuors 
otrenm of v^^tor fron a tn: > nbove In vrhici. the 
rater is kcot at a oonBtrnt l<*vcl 1b circulated 



Digitized by 



Google 



Digitized by 



Google 



(10) 



throu h each coil at tho rp.te of firteon o 'bio 
oontlmeterr c r^lm^to, ra'^/ln' In all thlrt;'- o^ bio 
centimeters pnee nrouncl the eeede once a :r.ln%tc# 
After the water has wt.oBed ■ hro-i^ h the coils it 
Ic oonfliJcted to a s:..nllor thcrt-Ql c;/llnaor of 
r»bc^it covonty-f Ivo c blc ceiitlnetcrs onrMclt;;. 
In It the . otor Icrel Is »:ert co:.8ta;;t ly 
me^^.ns of n hyrlroBt.'}tic juni;* The ater brin. 
lot in fit the botto:.. und ta^ren o.-t at the tor. 
aBc.r*reo r chr.n ;o fror; inlmite to nlnntet the 
aru of the thcr-i^tl couple . hloh it nttached to 
the . /ilvdno-ictcr Is In thlt en juct belov the 
bottofi of the 'w .p* 'notVicr slrrdlnr cylinder 

of the eaiue sl?:'^^ -^^ ciiT> ;llod ^ 1th the : me kind 
of oxmri^ is to rlftoed th^t tl;o ator hlch tXovre 
into It nnsGOL whence tv.rou h the coll# Che 
other ann of the thomrl couijIo Is placed In 
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throu h each coil at the rete of fifteen cblo 
oentlraeterc a r:lm7tc^ un'^in^ In all thlrt;- c^.;bio 
centimeters p^-ss P-round the eeede once a ralnttc. 
After the water has .'!:.&ced ^hrov., h the coils It 
Ic oondncted to a s::.nllor thcrifial cylinder of 
abo^it ccvonty-flvc crblc centinetcrB cornclty* 
In It the -..ator level le ':ert co;:Btar:t ly 
menne of ri hyfiroBt.olic Ti;mi;# The . ater brin.; 

lot In fit the bettor.; and ta>:en oiit ot the to^' 
astnireo r chan:e fror* inlmite to nlnute, the 
arm of the thor':al couplo viitoh le rttached to 
tho J ^'Ivdno'^ir.tcr Is In thlt civ Juct belov the 
bottof; of the ';-.n» ''nothcr sirDllar cylinder 

of the same s1?j'^, rjnd stn):,llod vlth the ir-nc kind 
of /aunr't is ^^ *'>laoed thst tlic ator * alch flovrs 
Into It p^sBot whence ti rou h the coil. Che 
other arm of tho thorrnrl coiujIc 1b placed in 
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thle onpm ?hvB tho . r.tcr bothln, one srm of tho 
tl ermal oo-iiple r-nePOB throivh tho colls and ie 
collected In the other mcll cylinder vyhere the 
difference In temperr.tijre If any, will affect 
tho otlior arri of the thor ::1 couple and cone.*:- 
O^jcntly fi If loot tho -^^Irror of tho "tJlvenomoter* 

V'lth thin r.p,;r.riit!ic v;e htirc ];ar. ao!;o 
reenlte v/hich to rr.tVor ci'rprl&lnr her cor:i.areO 
rlth tho flret onor, A ro^.t clorl of ae^ iatnnoo 
in Itr conrtr^ctlcn . Ivcn hy rv. h:cott and ' r« 
Bro'.n^ ?:t^(lonti In tho Cc:/a: tner.t. 'Jo thon rileo 
iB Iron the credit of conrtrvctin a celf-rocord- 
In r:or.?;rrtVvC vr'^-lch Ib nl^r* : hwvri 5n nn acconipan- 
ir./; dl' r ,u :n electric 11. It in a tlr can 

three tern o." 11. ht. In *. vjo?: t;.f; rn:B are 
nnfle norrl:; prijllol ty n ccrlcc of r.ip.phrn.-ne 
in fs tvbo^ so t!:rt It ctrl'roc Ihf center of t'.o 
nlrror ir the :3vdnornotcr# The bca-. Ir reflect- 
ed xiTfon bro Idc '^'^^'or oovorin a rev»^lvln ^irun 
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at ^he 0. poolto Bide, The li ht n»>lres s line on 
tl\e p.?; er v,hor. It 1b derelo cd one' '^ny dlfleotlon 
of th© mirror oat^eoB n c^'rre In tie lino* The 
dnxn revolree on s^n nriv r ^cV 1b ntteol'od to 
the center -"f the dlol of n ec^lf-rec^r'Hn ; t':or- 
Toneter. The Ryle Ifl pijnportefl b:/ ^ eot of 
rherlp on onoh crfl of fr^c v/heelr on e<^' "• rnd of 
the fir^' rn? t^c rrv-T finVec one revol^^lon «• 
ror># The ohon o In tc^'^er?^^ vre^ ae I. .o tented 

by Vio lliio cVoxx* ^ he c}'j::n- oc :"ro- : fie;* to &ry 
bi'*! t/o t'J^mlii U CO B^'.^w th-t t}f* ho''r!)y 
rooon'^i: }il(le orch ot' or# It m be r re".t 

5rnyy%yo- ont io Vf>yo • Or^' V tor revolver once 
fi c>y fynr on ^Jc*^: the roo^r^U; ccr boTrltton 
fror: Vtorr to ho-r ?.nfl co- .-^liroc^ \ 1th tVo reMlln- r, 
t^^on fron the -C'llc- The :^r cr on tho <*r^i;.. 

C';i ho !:: r^^'^fJ V; r^ot-tln ^ \* nl»'CC 'her. tho 
her:^ fallB rlth f. l:rr:^•ll minor " nf nrrlln-; r.n inlr 
apot • 
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ThlB BOlf recordln f.Mnnratne rniot bo oet v.;^ 
In a dark roo.i to nrotoct tho bromide paj^or* a 
email room hae been built of lunibor frame worl: 
oovered r;lth blnoJc tar pa'^cr ltA 1b very enoceso- 
f)zl In keeping:: the 11 }.t out* whenever 11 ht Ir 
neoeeoar:; a red . lobo lo ui:od* 

7'lth ^hls orlorir.ioter one of the firot reenltr 
to be notlcof' r\t t^t th- heat liboratoci eld not 
1::oroar(: r.top.ciny ^m-) to r. cortal?. n^rit anfl then 
i-(ollne, hiit tiiat there vera oonctri^.t fliot .! tlDnr 
the ni; heot one boin^ reno'ied bet'v oon the ueooiid 
and fourt: ho.-.rc nftor or^.ilnnllon h* a r^t^a^ted* 
'^)\o liberation . -^e unlior i r- her than Inoroaoln, # 
The cocond and third dn.-r •. ore nore nearl:: conBtnnt 
thnn the '"IrB? , Iho third c^-^v rJiO' od cleox'oaae and 
the f -^urth dav rono yarinMonr., rest in at zero 
at corrio tlnor, r ifi llberntin; heat at ot'ierr* At 
tlnoB the eeedB Boo:n to r.beorb heat from the 
•atert ThlB.ho.overt I believe rae due to the 
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ooollne of the room qulclrly at nl ht and the r.ator 
8lov:ly# Toward nominr the vat or ^rould alco 
have ooolod and tho roon vonld hnre rarnod n^ 
a;*nint Th^r there ne not a bnlanoo of th^ee 
temperat^jrcs oxoent d^^rln^ tho c^av* The ideal 
oondltlon tor th:o ppparntTis as for all othere, 
vro Id 1/0 n oonwt-^ht tern OT'itTO rooM In v\loh 
t^c viitcr to /wrat 're vo'ld alo » r rnr.in tnon'^n ed by 
vcp.thcr oo'id ! ti -:nc or iV rtc'v: ViOat ^nrnod on 
in a lalorr.tor;. d-r-n tho ds;;* 

ThcBO or erlnontr r.t flrct cc. .od *o rr.ow tVr*: 
henfc • rs rbc:or'.- d b;: r..c coo;***; before er.lnntlon 
no* '•11;- it'-^tor^. ThJLr rir.t v^.r r.tc';cd rerr 

c.loccly ' ii<i ' ;^r(i<rc'\ In nc r];* ercry era. The 
drn 1j. ted frc ono-hrlf to one hc^r nt tho ond 
cf rh'oh tivr- t: r }:cn.t vj r Tifccmtcd :: to n 
narli-nuri : olnt vhlo/. oonrx:^ as r.ontloned .«'b'>vo, 
abort fo.'^r ho rr r r' nr 'OT"irnX\or. hr,r ctartod* 
rreoa'^tl'uiB ^rvo brn trZ-f^n to ot t':o coed?.. 
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v.anto and c&lorir:2oter all oJ* tVo ca o tempor!?.turo 
before ctartinr nny oy.forimoiit • It rns o.r 

00^0 Intorect to nolo thnt oeodi: omilfl not be 
evolved entlrol;- br ''^Ineirif: the i In t>,o orlorlmotor 
end rtnmlnr: the ;.Qtf>r aro^.ic' then. ?hlr ' ^>n 
tried on ecvcriO ooonr^lons but t*:orn wgh nocrl;; 
Tvlv:-;, r ^ en*- 13 llboi'-.tion of :.csf. ?hr nlrror 
v.oz:l(: rot corao to roet r.t exrcll- t}'0 rrcro o'nt# 
^rotVor net^od V.nr therefore l-onn m-cid. 7Le 

orr o" coccU — r Ir r:rd * ^ ter t1 ht— •» nr r^^-cc'^ do 
+} . t It 'r^x.lfi be Jn a coret^j'it c^^^; ir f'c '>f 
r-f'^^'-'V. ;ftor 51. 'r-" be:5n t-ior* pevorr:! coyt; 
I'c Focf?" . ' ro rJ Vc^'. ovt ir -Tiftocn ^ r^r: lotc, 
cTc boi: .* tr" or; ^-ot ' o V'-dlo the, v.ere d?r.« r 
•r* cc'*'rpj,t(^ ; * ''..?-^' o JDii3 i*'l*!oed 'n o c'occic^tor 
ever lf>cJ!'"L ?' / ^ '^ric ^^.oV \'Jo>: «b:orIod 'he 

r-n ovcu r'G/t ccol 1^ M. co'io^ni'l n*. rf vctor 
throxi. h tho jaoAet# ?he cr:.lorlnetcr itbolf 



Digitized by 



Google 



Digitized by 



Google 



(25) 



wris cotton ))Vi, ed :iiifl r^ni until orery hin vno 
e.r.ifa in toi'^pernti:ro and it rcjid eynctly zor-)* 
Into the cup mAdo » "^ the co.n cl>:t,/ oublc o^ntl- 
::iuv0r8 cf \.<':tor ?.oro r n tho su': :ly* Cnio 

hne teon to'co:; r.?: 1^ t-.iOJ ;oo to to.;c . nn;- 
.-iurt oJ? the r*pT)rirr.t -g rtcr '/.o ooodii oro ]mt 
in, £50 thr.u r.::*/ c:. 'i* cc i;» tou.-oratr-io 0"»tT " bo 
trr.ood only to i\e orr.iinrtion o? Mio eo*. an. 

111. 

I'hO t.J;lCi: Lv:l«/;. ^;-if'.- ec:.* ty; ior.l re:iuill 8 
^ i^'^l. tuc r, r, .:.r.L\ r, L^it ■ r. v^crcriuout T'-io:/ 
i*\uicr:to L;.o c'^nr, ol in '.'.iO iO^mtu of iir»".t 
libc^rtod* '-."x vcir ••; • /. .:..i. t;; i c;r»t libomtod 

L:y ilftco:- r- .uo 'T j o?ti: K; r o^ 1 rite por :.;in'-o 
. .>v t/liC rixi.t t elvo ho^rt:* T^c i-occnd dn.. tho 

a -.to io r.oo.u Z[ c'lraio.; >or :;u,ii.lo !-id tho 
third day abo^it 1# The llLorjtion ha:- al.nyc 
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Locn locc at nl. :. » prcBiiii.l>l.- Iwcn .lc tho at or 

?;::o ap:i?iratii8 bocjjino color. T^nC 5^vorr. -c Tor 

three dri:ro, howovor, ouyyoBln/ t:te rate to to 
nnif 'm and trie at omit ovo^ly dtfitrlbutod io 
? cnlorlo r^^T ralnu^.e. T:iiB Ivoc tLo roc Ot 
o:': Z1^:^TA oalorlec of i^en' liter to; b:r one 
or.-nn di-riii;, u pt;rj.ot of l.\rcjo u ■o. Tho 
;iOrt litor::^od l^. our4tiutlojn ol t'.*, ^ • :.. .outfit 
v.:iUla be liuout 744 •TG onlorloiL;. 

A 00;. /urico:. ol* tule reri.lt vltl* tnnt 
oLL.'.inod 1,^; I5oii/ilC;r*^irA IC 2 1:; rv..tiier ?.iitcrojj^-ln • 
^c fo.:xid t!v.t c- !:ilo r**. . of ;r.i)oC.c liuor to r»* 
c. lorio;:, o.r \o. I i-cr nl ..'/O i ili ^oi-minrti l:;:;* 

^'Bonnlor^ "• r.ocf.arcl.c;. c^r Ir cV- Icir vo otale 
A.a* J.ci. ::^t. r:-.t. m 18: in, X093. 



Digitized by 



Google 



Digitized by 



Google 



(27) 



onlorlon por ,r- :i liour '?.nO. HPC»3C c^lorloL'. -or "ram 
in o:iroo 0;i:/o* ?VJ« p. /os iv "^ *'-*'-*8 .•. ilttio 
lo or t:. \ lilc. On Tiioor-^ ::rii*oh £7., lOir, tlio 
v..>:^''iri.t\m .'0 :jtfrtoa ^ .A "llowod to r-n oror 
Ai :ht in orclor t' d v.i^i-c -n tc•r:•)orp^ln^'5c• The 
c v.i ' :; "lll0(i vltli cL'.t.- e"^M.o ocntl .ot ..re of 



K 



.'. C;ro *•'• the c^^or:nito^ ctoofl «t i?cro. 
i.oon ter.i .or:.t:'ro IL J# .ttor uid reed te: jernture 
17»C^ C* Ciu ^)0'x v.oro ,» t :*»u' t • o ov)il 't 
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Time Soale Room Temp. Water Temp 

17.9°C. 



9:05 A.M. 


• 2 


9t08 


• 3 


9:11 


•4 


9:14 


•46 


9:17 


•6 


9:20 


•4 


9:25 


.5 


9:30 


.5 


9:35 


•4 


9:40 


•6 


9:60 


•8 


10:00 


.6 


10:10 


•8 


10:20 


•9 


10:40 


.7 


11:00 


.9 


12:15 


1.05 


1:15 P,U. 


.9 


2:40 


•6 



19®C. 17 .9*^0 . 



vO 







19"C. 17.9 C. 



19°C. 18.1®C. 



20°C. 18.4®C. 

o 

20 C. 18.7 C. 
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The following tablo is one which ehowe the 
change durinjj several dr^s. It wae started at 10:15 
A.Ll, on Tixesday, April 23, 1915 and run until the 
f ollov;ln- Saturdr: : 



Time Scale 


Calorier> 


Time r 


cale Calories 


?tlOSdC7 








Thursday 






10:25A.LI. 


•Iblack 


i- 


9:46 A.M. 








10: £7" " 


.5 


n 


22.- 


l0:<:-5 


.Sblack 




10:36" " 


.1 


n 


^ 


11.16 


.3 " 


10:50" " 


.0£ 


;•* 


- 


1:30 V.].. 


.4 " 


2 


10:65" " 


.0 


ft 





4:10 


.25 " 


li 


11:00" " 


• 2 


»i 


1 


4:30 


.6 " 


3 


11:03" " 


.1 


ff 


3. 

'ti 


Friday 






11:05" " 


.3 


?i 


IL- 


8:55 A. Li. 


.8 red 


4 


11:10" " 


.4 


rf 


2 


9:65 


.3 " 


1^ 


11:30" " 


*6 


tf 


3 


10:40 


.1 " 


h 


12:00 M. 


.5 


If 


zh 


11.16 


.Iblack 


1 


12:50 " 


.7 


TT 


5c- 


2:00 :. .;i. 








1:00 P.IT. 


.4 


« 


2 


3:30 ?.i:. 


.Iblack 


■k 


1:30 " " 


.1 


If 


X 

ii 


4:30 i\:\ 








2:10 " " 


.2 


Tf 


1 


Saturday 






3:00 I-,::, 


• 5 


l» 


o3 


9:00 A.i:. 


.3 red 


1^ 


3:15 " " 


.5 


If 


2.V 


ll:OOA.n. 








A:15 " " 


.0 


ff 


4 


12: 00 A. I.!. 


.1 lb. 


.1. 

13 


4:34 " " 


•4 


It 


2 


3:00 P.t;. 








7;ednesdny 














8:50 A.r. 


.3 


red 


1^- 








9:20 " " 
















10:15" " 


6 black 


3 








11:15" " 


.6 


ti 


zl- 








11:46" " 


• 5 


ft 


2->- 








12:05 M. 


•4 


n 


2 








1:30 P..'.t. 


•4 


ft 


2 








2:56 " " 


.6 


If 


1 








3:40 " " 


.5 


ft 








4:30 " " 


• 5 


ft 


2^- 








5:30 " " 


• 3 


n 


1^ 
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The hert yield of five rrrne of tad-poloo 
vae found to be Jiiet about as much In one hour ae 
thct of fifteen mne of nev.:y during the fourth 
and fifth hours after ^^-ermlnatlon hno started « 
Thrt iB about one«h\uidred and thirty or.lorlor^ 
The experl'^ient mo r rSn set up Juet erectly 
llie unnio UBln; five rantS of pon.6 in 120 o.o* of 
v<.f,or rather ^hnn the tenJ-r-oley. • ^xhe he> t 

llLor:^toc? the flrrt dr; ^ ho.c,^«?r♦ . ar not of 
oiifflclont (!».' ntit;' to oh?r»; o tr.e r.^wB of * '^tor 
ooverin ' tho aor^^P bo no oh^.^i o Ir. to:.; or'.t ixo 
Y7.1G lncliof:.tod« L'i on drrwl/i «>i'f tli^j rti, ;r *ho 

Dorxiln/ of the cooonci f>*«:/ thcjo vm *: ^u't-cl 
riDO in tcnporc*:.tuio .rnu Tor tlio ^ olio*, liv^ t.o 
days there v?^3 ^. luilfomj liberatlcn of about ?. 
oi.lorlo i/or "u:int)te. Tiio tvo chart c bolo" shew 
the cnrncet duo to fire fn-.i8 of tadpoles nnd 
fifteen gramc of beans* Vuo h at yield of 
boane Ic alinoet idontlcul to that o. ;oac« Tad* 
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polee at room toraperftture, apparatus at zero. 
Tad«»pol68 put Into ooll by means of a spoon and 
kept active by atirrln ; rently twloe flurln,- the 
time with a thermometer r)laoed In the inner ooil. 



Time 


Scale 


Calories 


Time 


Scale 


Caloriee 


10: • .r. 







o 


1 : ?o 


./ 
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10; 03 


.1 
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10:25 


• 2 
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10:04 


.>'■ 
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\0:?.n 


.C 
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10:05 
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10:45 


• 6 




3 


10: on 


.^ 






10: ''7 


.-* 
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10:10 


• 2 




1 


10:60 


.6 




1} 


10:1?. 


.1 




1 


11:00 


.1 




Z 


10:15 


• 2 




1 


12:00 


.2 




1 


10:17 


.^ 




r, 


1:30 


.5 




21 



rifteen rr.nr ''' ^nfrl"' ro.' r,c?-'r.s -ive the 



follov.ln ■ t-u lo: 

Tiiio "c.-Jo Cflcricr, ?i:.^ 



• f» .- T n 



Calorieo 



10:30 
10:.".-' 
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10:47 
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•4 
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1.0 :r f- 
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11:00 


.7 


l,?:-)0 




1:15 


• 6 
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3:46 


• 2 
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6:15 
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if 

1 
9 
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A mouse TOiijhin^. ten i^rams was used to 
toet the heat li'Lei\3tion of warm "blooded animals. 
It had been in captivity for tv;enty-four houre, 
with plenty to eat, before li was forced into the 
coil with cohie dif:?ioulty. Tlien oaoe in, the 
openin^ of the cylinder vf.s closed v/ifch a v;ire 
screen and the ap^.Jivjtiib cotton ^:luf j,ed a£ iieiial^ 
T'.o tenpornture of the .'eter rose imrjediatcly 
i:;id settled back to a ratLer unifora rate of 
liberation r u shov;n by the olip.rt belov. . The 

rjVOTC re heat libercitio.i per minute ray 8 2/3 
Cc^ lories; the total for the hovr 520 calories* 



Tine 



Scale Calories Time 



Time 


Soale 


Calories 


11:36 


1.8bl. 


9 


11:39 


1,6 


8 


11:42 


1.7 


8^ 


11»45 


1.6 
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11:48 


1.5 


7^ 


11:51 


1.8 
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11:64 


1.6 


8 


11:57 


1.6 


8 


1?.:00 


1.7 


8^ 


12:03 


1.6 


8 


12:05 


1.7 


8'^ 



10:05A.]'. 21)1. 

11:08 

11:10 

11:12 

11:15 

11:18 

111 21 

11:24 

11:27 

11:30 

11:33 
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11 


l.o 
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1.7 


8^- 


1.4 
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1.4 
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1.3 


6J 


1.5 


7-! 


1.4 
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1.5 


7^ 


1.6 


8 
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Conclusion. 

Theee experiments show afain that the 
release of enere;7 in the form of heat la mnoh 
greater than the orf^^aniem can possibly nso» 
The enerpry of an orcanism yarles with the food, 
#overinc» exercise, activity and other functions; 
The heat is a waste product just as the carbon 
dioxide and water are waste products of the 
chemical reactions* It is necoseary for the 
well be in?: of every -olant or animal to have some 
means tcf rid itsolf of these by products 'vhich 
would be very harmful if allowed to collect • 
In Gome orrnnie^is the heat maintains a normal 
bodv ten/>ors?tnre while in others this is not 
nocoecar:;', bnt nn excess above this norrar-1 or 
even the surroT^ndin- temperatures in the lov.er 
organisms must be gotten rid of • I^ would 
canso fever and a consequent won?renin«r if not 
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(35) 



he expected to oy.tcnf rn(? clrrify this sr.lject, 
and It ronld nprear that t^G aj pr-ratro thiiB 
cleBcribed, r.nc vhich ).rv l^eon dore?oped rs 
narrated above, ]»rtrj i.r- in Toocscneiou of the 
neanp r^f attrclrl rr; the proMon of heot 
liberation ?Jid heat removal in a r.uantiitAtdve 
n^^nncr. 
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